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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing GaN single-crystal with low dislocation 
which is 106 cm-2 or less. 

SOLUTION: In the crystal growing method of 
single-crystal gallium nitride, the growth surface of 
gaseous phase growth is provided with not a plane state 
but a three-dimensional facet structure, and crystal 
growth is realized while, the facet structure is not 
embedded but maintained as it is so that dislocation can 
be reduced. 
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(54) [9BijqcD£tta HiteffiG a N<DtS&m&^m»XfimStG a N3£4RcDMi£C5«si^ffiG a NAttti 



<57) [mmi 

[&<m 1 O 0 cm" 2 VXY<Oimm.(OG a Ni» 

jclfttt:? -r b h^*H¥-o <t *) lc U 7 r -lz t, 

•li: 2. C £ IC J: 0 3 J: MC l/fcflU&SSHt*/ 




C2) 

1 

SfcjclKlfc v r b ? V flHS*|*o «fc 5 lc U Vykvh 

rmm-otctt. y?*\z? Y\wmiim&*te\ t *xr& 
&z^&zt\itk*) tBffirr ^ci si** <h n- § i)i 

[ ii§ JRJI 2 ) SgcWft 7 r L^/h fitfitf % 7 7 b «, 
MB*»Lfcfcfs hr*&*\ *£lr>fcfc:7yb» HHPS 
WWfcfcf * h<Ott^r*^C i&li5F«i-r4W«3H 1 

7yfe?h «jft*J*o J: o tc u . 7 yb h 

<t -T A G a N 

SKJcffttt 7 7*9 h «Jft4f*o J: 0 cc 0 , 7 y >b v h 

£«B«£T*»l8AGa NOltAlSfifttt. 
SJ«0cKJtt 7 7 i-> I- ffliS*J*o J: ^.^cb, ? yb y h 
AS-I* H^CTcW&^yby l-#>£fr£t:*y HMctei* 

C 8R3QH 6 ] ^HiS«<o^affij*i5|inBtWBr ft: < , 30 
StoEWac 7 y -b » h «JS*J* o J; 5 ft L . 7 7 'k „ h 

r , Wiffj taS-JHBj o x « iaC3eitt*c»|f Batt©^ & 

wr s*cc <fc o , Ett«rffis«-r * c <b <t r £ m& 

AGaN^A&S£& 

:dtodtitt:7y-by h«Jt%»oj:Ok:o* 7 T ty h 

r % ¥JSWfcjiS«iH<c*t u rcitiittiBtciSiiiftt <d^b * 
SkBittcjBfls-c z>mc & o % iaft*iK«-r * c <l * 

Wit^WSG a N<DttAttS#&. 

SJsaBtt 7 t b •> h «jfi*Sf o «t 9 tc u . y yb •> i> 

***i*SAtt«6«c4fi>r, ±«Wr. «s*iftfc*i 
7yb7 hfifcRCDBBfttociJCAO, Kffir^ 
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«l?F«<kT*BH3tTBl, B*3II3, »i?l>j<xn4. 3B*ai5 % 
VISAG a N ©*Aflat*ffi. 
■TS»ffiftta>i«clB**, (1 1-20) ^ c 

«tf*ni*a3. n«396. B3j«i7a>t»rti3WciB 
a a*a 3 , 6 *fe 3fc (Mi^g 7 <3Dt^+i3Wcsa*t 

©WIS AG a N (DiSA/3U53Sffi. 
[«5WS 1 2 ] mtHr&fi©;^ 
< , SXJcWtt 7 yb y h «i64^ Jc^Ccu, 7 y b 
v I- tBJft* t o fc* * % y yb » h*»3i*a*a**ci» 

fcJ;0¥ffltt«lfflSr»4C t*tt«tr6*BAGa N 
*^Ci«rflS«i'J-S«5ftlK 1 2 (C8BfiK<DWttAGa N 

zmmtyzmim 1 2«ceett©^iSAG a Nffi«<os 

5=#5EMtt7 yb v htlta<0«|ffll!flCiS|JWiH*6» 
t*1*«i-r^8B5RiR 1 2 CCflBttOWftAG a N«CD 
[ W5BB 1 6 ] »tBTi£K*fe J: ZflSig&ommiCtoW 

i:**?«iT*iM5RJi 1 2 tClBJKOWtSAG a N^«(D 

d % mHc»£bru^c <h^^<b^ai35CTi 2ic 
ireifttoiWAG a n a=E<o«at jfirffi. 

=^7t*J ft 7 t Hz h Bu^ % ^> )|jtft t* 5r h J: CO 
2 (ClSISOiUft AG a Nffi^S<Di^^l^^^& 
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9, *oa«*BiB$aw>«ffi3&$ 1 0 5 cm" 2 

* & C £ *W» 4 T £ BteRJg 1 2 Kff5tt<0iKI£ A G a N 

< v SfcSMft 7 t 4z * h «3ft*fto J: 5 Ct U , v y «lz 

» h«H(#l 0° cm" 2 etTV*iCi*WR4-J-« 20 

[ M#q| 2 3 ] G a N <Dfl»Hr*fi* , 7 AT* S 
i C, Si, *fcT*jl/ % NdGaOa , ZnO, Mff 
O, SiO z , G a A s , GaP, GaN, Al N 

I IR*JH 2 4] G a N CD AffiJiE «* , WrJT* S 
iC, Si. XtMwU, NdGaOa , ZnO, ivlg 
O, S i O z , G a A s v GaP, GaN, Al N 

^Itf^isjcl 1 2 (cseitOWAG a NSfiCDH 

[IRAK 2 5 ] G a N<D*tf»***, ftnitcMI3lS« 
W Lfc#A»* fcfcfc^tt Art> & & # Jl Otc, 
V'-ZtAT* S i C, Si, *tf;M/ % NdGa0 3 , 
ZnO, MgO v Si0 2 , GaAs, GaP, Ga 
N, A 1 N<Ot»rn^6ft*^»aS«±«ctf5JRS-lf 

[i»3CT(2 6 ] g a Ncomm&^s «nn«:Rip8iJ« 

#Ofc#A«* /ct£$t&A*» 6tt^vx^ U/c, 
•P7t<{T* SiC, Si, *fcT*;K NdGaOa , 
ZnO, MgrO, S i O a , Ga As, GaP, Ga 

N, A 1 N<Dc^h^&a4i^flaH^ec/SJSS 

^WWcC 4*Wft4-ril»*BI 2ficetftD4i» 
AGaN«*©«j£35fffi. 

CW*BI2 7 ] G a N4>jMHriSft&, Ir? r ^ r, S 

i C, Si, XtT^Jl/, NdGaO, , ZnO, Mu 50 
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O, SiO z , GaAs, GaP, GaN, Al N<D(,» 
rtitafr £ & £ ^$6ffiffitR Jt CCJE S § ■!*/<:& , C ti 6 T 

iibs«{«tt±uft:c4«i9«4r&n«a 1 2<ce«io 

44BAG a NS«OKB^^ 0 

IWm 2 8] G a NCD«ffittft« . MntCHPflSfe 
W U A» * fcti&tta** 6 «t S v ^ jh 4* 
V-yrAT* S i C, Si, ^t'^K NdGaOa , 
ZnO, MgO, SiOz, GaAs, GaP, Ga 
N, A 1 N(Ot>Tn/^6&£^ 

JI2 7 (Cgatt0>4U£rAG a N^«cr)i!«^fi. 
CHH5RJR2 9 ] G a A s ( 1 1 1 ) im±CC^X 

*^ i- t»?S4}* -oic&$i % i$cc ^ r *i2 * h ^ <t h t* ^ 

GaAslKMum 

[ niwtJi 3 o ] m>m 2 4 , m>m 2 6 , tmm 2 

7 , 3H5J<J1 2 8 r»6nytflaSAG a N^lg^fflfS^i 

u , 3 e> cc -t- <o±^ iMB« jto^^iB^iffi«»r a 

^ ^ Xjjnx 0 /eg, 9f jg^jnx UcCt *«f» t T 
u^G a NS4R(DCGt^& 

[ IFpCT 3 1 ] =3C7c(Ba y r -12 v h flii** L, tc e ^ 

^»"C*5i C f ^ 1 0 1 0 00/z 

inrftSCi«:i|9«i'3r^lH3jt3H2 1 M5|5^5, lA^q( 
6 , &tc\m>l*m7 (Ot»T*i*>tCiaK©*ttAG a NO 

< > H»C7CW& 7 7 *fe y h «iS4«F-^<fc 0 CC 0 , 7 7-fe 
v I" fitiik& ^> -9 /est 2fe , 77*9 h Wjik4tti6ii5fc/<cli 

X(c J; D ^BHtfet*^. , $ 6 fc*<DSra*WfiW & C i 

[ H§5J<XJ 33] ftta&K4i^ J: CASfttt<DAD(c^ 
S =»SEW ft 7 7 I2 5/ h «*<0«iBI!UCiaiJ<D JPOB* 6 ^> 

t*««i-r5Bi}KB3 2 (ClBlRcDttttAG a MfflR. 
[«I*B3 4 ] mtHflEftilafecfcVfiS^o^ftMtCteW" 



5 

t Mm t r h m$o% 3 2 kwm<o*n&& g a n ^ 0 
<ottt&**> 6 to s»nDiaiaaM>3|L|in3^ 5 jg,fciH»<p % 

IBtt<0lMSAG a N^fc 

Z#&ctoto 77t? I- JEW* 6 & & fiR® f * h 4c> J; tf* <D 10 

4**Wa4T*B3WI 3 2 (ClBttOWSAG a Nffi 

[BXV 3 7 ] AffiQfiStt<DKOD(C W b- v Y 

4*1»4f*B3»!I3 2. BsKH3 3. B*H3 4 % 
B3WS3 5\ 1R3KJH3 6<OC»m*>(ciett<Dfli|S»Ga 

VLV*<Dtit&wfr * i2ig|i(D- T i^nn^ & a^asa 20 

nnr«flES4ifcc 4 r-&m«3« 3 5 (cetto 
[ n^R 3 9 } mim&onxmmmmi-mvt^ 

0, *OJBtt*B*^rfl|kDa!ffi3W 1 0 * cm" 2 30 
A & £ 4 4 -T S B«*H 3 2 kmsfom&gL G a N 
3SB. 

[ b#h 4 o ] jwaaftwiRft^ 

v Mil** fc oft:**. ?yfe* M1»&&8laM&£ttu 

* HBfflWU 0° cm" 2 «Tr**C4*4$»4T-& 

2Kfl3tt04MSAGa N2S£. 
[B#H4 1 ] H^Jctoto? r *b »> HD|**L/tebf ? 

^*r*s4c5otr^ vmn oum^s i o o o ^ 
nrc**c t*tt»tr*BSQB 3 2*>6>B:&R4 o © 
l»-rti*«CBil©*ISAG a NSiK. 
[B#S4 2] GaNa>«*HrJfcttt % !^Wr, s 

i C. Si, Xb'^JK NdGa0 3 . ZnO, Mgr 
O, S i 0 2 , GaAs, GaP, GaN, A 1 N<Dt» 

USfifelRSUfcC 4 £#i»4 r*B«a 3 2 (CEIty® 
AG a N2i£«. 

mmm 43] g a nowhisa*, sbi<crcm« 50 
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# L/ fcsf |£«« * fcfc&tt A*> 6 to & ^» t # Lte, 
'^T-fr, SiC, Si, ^tr*;l/, NdGaOs , 
ZnO, MgO, S i 0 2 , G a A s . GaP, Ga 

n. a 1 N<ot*rn3&^6to*ji«ttAaffi±k:jattsi* 

W4 2 <craK<D4mAG a N^^R. 
[»«©B««Ito«ajlJ] 
[000 1] 

[ffl8U:©#Jflg#!!F] CCOJftMW, 3-5»<t*«^« 
»*>&tt4«*y^*-K (LED) % U-f (LD) 

[0002] 

3-5Mlft%¥ftflc (GaN, Ga 

1 nN) *fl3^/cjf63ft7 s /'f^xw, -»feLEDtodfC8t 

' x )'y7'(Tim^htiX%?c. V-yr-fT (Al 

2 o 3 ) u (o 0 0 1 ) so^eisiAinsfet^^, -eoji 

(CG a NiMSAOWB^IiltftTl-a. 7 -Y T±<DG a 
N^M, Ga 1 nNWJRWIIEffi*SffiW>r^lr^ ^ 
rfcWfeL E D <b L/T*mB"r*#*fefilr». ^7 

«CW< Sffito»Rlsf|5jrAS. C (DJ: 5to-JH3WSAS*> 

[0 00 3] t r 4 TWWttX4Mb£5fm 

fflja*JAS. ^^T^TaStCttSPBiHWjcU. 

[0004] cnfes*ffajocmi/!H*5i*iec-j-. ^ 

tt/c*>6 % I®OL E Deo J: ^ KJKRABO^Wffiir S 
C <b * tot*, /t&it r A ^ x ©±TISf CC«ffi«ff S 
1 1 > 5 C 4 *sr * toC f>Vx CD — S|{£ x 9 ^> //V 
K^GaN T«B|J* BU 5 1+ , Cft4n Sfi 4 r 5e» 
H#A*. K4*ffi<o«ttCE)fc«i>W:2ia7-r+»K> 
f-V >ybto^*itfto6toc». T(!l«S^fR*)«^?>^ 

S»lfltCDJ»©flC*ASJCc < T ttto ^> 3te«6(CT»J¥» 

(*BWJ»< to£. i fcBfijWB— iEfcroftKS ns/j> 
y ^ifflfR*Sf^«:toS. c<7)j; ^ tt*>6/r^ 
77-/7»Ri©GaN^WXIi3^ hi*fctoorC» 
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(0005) c i\t>y~77 '<Tmmim%Mjk'tz>tc 

1 H-CWtf. l/PUS i CkXVy y -ir J: OT-otm 
arc* 0 , A***« b < tltf^t *3&Pft £ . s 6 «C S i 

£o biS&corS i CSffiOGa I nNM&LE 

[ooo6] isfttt<oitiiiacco(,it:a^4. w 7 -r y 

tttfc ^O* < <D«B*ix f 4 4 ^ 1* JWHtc3»AS hi. 

(G a N„ GaInN&i*)(Cttl0 f cm" 2 fc©Sf 20 

[0 0 0 7 ] S i C«C0JI^W:^>(LK % xtT-Sr*^ 
■r/URfcttl 0 6 car 2 ^©ClftsWaTii**) 

[0008] Si, GaAsii £<D*«f*<D:l*£*<DJ; 

i>. t'U xmwfcmm. s immumMtiA g 

a A s ttffi(aai6«**^nI^-C fo 
[000 9] TO»$4CGa N^M<£>i$i£c <DJ: 5 

Ga I nN^t3LED(DiI^ m&f&ZWt~£ L 
[00 10] LEDi LT«nT'lHW$>^/A L 

^MiMi-*&^fflS&#**. Ga 1 nN*<Dt6 

*><0^8iCDlEfi[7!)5G a I n NJftCDL D(D^^{|iiMur 
[0 0 1 1 ] cn^cr>jS4*»Jlfe1^i, GaN*«(j£f 

*u *ce i or*fcjaaBmftat«tt. g a nwm-c* 
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ft*, t ©J: 5 tejft-CGa N#ttA*S&(K£ irMr 

[0012] Hf*llR*sf*/JD<»OrfcGaN<?>»iR{C«& 
Or 0 i 5 . G a NMiE<t l> 5 i<Drt*r?*ftC> 

t\ HSflUfcattH (WW) iH«0^««a^»BET 
SWTi"B*>nri^*SfHl«EE«EIKr G a 

B3Htc£iifrc*fc i lx fc/Ntt©tt»-c* o r % <t r 

[0013] #WJBaw^±©|^teoc*-ctft»l/, 

[0014] 2 9 8 30 0-^ 

CWSffl^ 1 0-9 0 0' 8-* 

[0015] *CJ:oT*JfiiJi#CD9f'^^JSEfijifcftaiB 
Ori^S. C n^G a A s Sf±(C^ 1^5^ ^KK % K 

ft«#BSft S Ht G a A s 2Sft * iifcfe UrGa NOttfi* 
nz>~M$rchZ> 9 C fttt 1 fe(0G a NB*E4ftS#S"C 

[0016] (3>1»P 10-102546-9 
[0017] fctf^cDJ; 5ftGa NS1R%attaK:fl!o 
3^tc^-r^;ur*j^orj|ciiGaN^>d*^ h&H 

»l/ >=f sr h ^/ ^ ltS»0DG a NSE^ft 

ffitCJcoT. GaN»tSaJS«(0paaA:-^-c©Mfi3W 
J;j26-CpJJ^tC^^/ Co Ga N &fc§f |J3nn#*dc> ^HGaN 

<E*s A SOT?, ^<DJHCLED«rfft>, nIGaNIfi 
CDJSSWC n miS SrlR W 5Ci#W5, Rl— ¥IE±«C— 

^>o cM-W*— ^-cWFtr. C<D<t^tcLED3£lK<L0r 
ttC ©G a N«*tt»ffl-0*a. L D«Bif&»-&« 

a. u^ucoGa n wmn> t tewmtih ^rLum 

[00 18] 

ft o r & /Co n^mmmm. ombtem^x mm- 
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it. *5f*c U —!f <D***Mtf -rytJbfctt. G a N MA* 

[0019] «<D#ffiTtt, a h 5 *f ^JBtt© 2 
*ffiffl bt7f7 ;Hftft*?f -3 T t G a N Jfi JKDK&IB 
IS. (EPD) ttl x l o 7 cm" 2 «Tfcttft6ft*o 
fc. C CD J: 5 ft G- a N liflT fc U- •■Fttf'HR-c* 
SSf *<D G a N S U - if ft ft ilcBGaN 3S«<D EPD 

tti xi o 6 cm- 2 aT^**ct3wai<a*tis. 

IWjilt^ £ is^ouj: *) fc $ ^cc E P D 451* W 10 
[0020] 1X10° cm" 2 fclT<DOM^<DGaN 

isasimkt s c t m^miow i <o.«-c * -5 . -e © 
&*fmois 2 ©aware* 

[0 02 1 ) 

[0 02 2] X h^^^v^^ittfliUT, GaN(D 

[0023] ®ti*m\mm&M&$:t& v 0 1 . j 3 1 

-C-I I, No. 1 , p 5 8- 6 4 (1 9 9 8*T-1 
p}) -P. 

omMA mm r G a N aillflfciftftj/aftK: J: SiafttfJ 
EftDfiK J !Sffl«9]S« 68«S7^p77 4-7 7 9 30 

(1999) ccaattsnrc^. hi 4-111 7tc-eo 

[ 0 0 2 4 ] H 1 4 itW 7 A TWm±K G a N 
a N<D [ 1 1 » 2 0 ] tfloJKljK**;* h ^ -Y ^ffi^ 

sstv^^s^&tt^jccai^ftswfcco (11- 
22m (-i~i22) mmw%mcr&m- z>. n 

[0 02 5] 3&MS*-?/c<Dfc, 1211 6£><fc5«CGaN 
v x ? ®tfr» ^ tt^uj UT ttfcfatcEEtfr f t < . £ cDIUj 

11(11-22), (-1-122) t?^^> 0 emm 
j&ifijtoafiUT«>< . >aaT«rRffltt«*ra<ciiij*s 

[0026] ^r^^^^^6©jdaw*v^^ 
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u\ Wld (oooi) «c*>^r, -*5cW&rifcft 

fi*<73b •&S©*tS«-ca^3&J3|tiflVtB&G a NtttSA 
[0 02 7 ] K*6«*ftk:tt*HlL,rv^ 

fi fc c tt^^HV r ^ < . c Hj&Ioi tcii^^ ^ f3&& 

JtaffitsfitT * ^ . <hC5^^ cr>±^M*t»J ( c ¥A i 

) ccis A^fiSfi-J- ^> t % ttkomfo <b 1/ r Ktt 
[0 02 8] jte&©*H£W©t?tt, ^^->ffla>4it?3S« 

cc^j -uiEiffccnJEfiuyca. m^^]tc^;nu^>s <tio 

1 * 9 c <b fc ^hti^ ( c ©i3fitt<D^B (iMflWifl 
& 4 fc CC/JsS < & «3 . )EM>&s 14 0 m mSBttULhCC 

6SI?fd ^ £-ffl ^ Ac^ r ^ y d - x(c J: 

•7tGaN(0CPD^-pcl 0 7 cm" 2 O^-^- 

[0 02 9] COi»ftGaN<07^7il/l3i 

(ooo i ) ffifT^toft cMr©r:^7c(i!a*4K8fl'*"-5 

[003 0] ^rx^i^jfficfftififffili. U^6 Min5fS 
KO»K:d*H-4. *©»B«tt±3& (c«35TW) iC/K 

&o fSSMff^rO. 2mm*&0. Gmm^^ftS^ 
rS*ff*©GaN«S:JiSfiS-frfc. 1&&i$<Dtima£ 

i«/}iTi/c^ 4 eiaasajwi x 1 o 7 cm- 1 st 

[oo3i] *j&ija#tt, i2tst3&siSE6ttirijjRia«:oi,»r 

SttSttWf 0 ft *s b c bs* m^a r < % o * ') noBicS 
ft) i-lfOiaO'Ctt, cffleciBacttSSrr&jtcKflrtJjSEtftt 

[0032] ®&^rtTbhru*naa«ft 
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T, G a A s %mmW'&mi$Wim(Dtc&G a A s 

ETC a G a A s t\s£>>bTZ>t r&WaiM. 
o t WSi&SgjW**. #3MH»W:G a A s 

[003 3] ST, t^OPWfcK*. 10 

«»#aw*i«a ban. «#Btc±»*c— aaarttiBi 

[0034] *WJ«tt, ^<DnWHRtK«ttA4>fic«> 
[003 5 ] Kttfl5«a^4ftf£Stfr, CtifcrtffiS-a: 

/c* *&SfiJ-££*f 3 c £<or sr <s^a=cc-^nr^s>i b 

fc. UTKfiJ&fHsS-r *«««rft«i»S»/!Sft8fi«:jai» 
ttSLfc. **wW*jf&i!Ht?*^. 20 
[0 03 6 ] *«fH«WHQS*ISSS-l*4<0t?W&< ? 

7 » h ra«kr & ct ^ aftftT«ft/iEfi«:<Ti» , 7 y 

•fe * H ffij J; 5 ai5fc& #r , Jltfg * r 7 7 -b 

[0 037 ] *»Wtt7 7 -12 7 h B0(CKtiHRjgttt1fe»s» 

i^wci fciwbrsw* h nncc J: o r (gffl 

-pas? r 9 1* mvm^titittm&sim&T*. ? 
7 -b ^ h ffii©«»ttii{at©«^iio <b a a l , ^istffi^ffi? 30 

(03K«ttiR{i!L^Kin Ufc3HBtt t a&. ^ 7 -b 7 hlffi^r 
9JJ5L»r«ffl£tt^Sii-<&<^ fiE5fc<fc 0 1 *rfl£t» 1 0 
0 cm" 2 JaT<D0SRfijtcOt)©S:»5Ci*srSrS. 5 
e>Ccm<-<^C tic 10 4 cm" 2 -5xiO J cm 

[0 03 8 ). CCCJIi^^^r b y |>M£ C» 5©|Jc jQ 

ra < fiSK*iui tax ua^nurfc*. w%<Dma$ak 
t>?rizy b & «>: 5 a J: < a c » <o r *> 

* j: o*c Lr-ciRfittisiK'r* *t o jcr a. c ^ ur t n 
*rw*jaanflsiaft<©G a n s •&* c t# 

rfcfc. Cti*i&l|£|EfiLG a 4*3^15168 
teas. #6u ^¥«(*U~-S*IB©SB61Ribr*a^ 

tauter**. 

[0039 } 3MWB©Ga NJfiftH«tt % %<0 <fc 5«CK 
ifiT£c£j&sr€r&. 

( 1 ) 7 7 -b y hBEl&ft£3tt 7 t b ^ hnfifctRttJlS-US- 

**a < r? 7 -fe * h nn*»& $ i*fctw& so 
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( 2 ) h flBttffTJS? 7 b y h iuii OTu^Ci^^ 

( 3 ) tj$to7 7 b ^ hflif<oftja"c*ainBja*wf s 

C ntC J; o X 1 0 0 cm" 2 klT(Oi&K&G a NttA« 

[ o o 4 o ] ftfo*) cc < i»iififfl-c*«}SP6B o < fimr 
ann (/asftnB) woiM^i^a ccrwcubjrticja 

fi*«S3^6 c B&Wr#Sil5t»* c HSei^tt^ 7 b ^ 
hlfifin OCi teas. aaiH^35iai*AflW«:iE^« 

[004 1] GaN fc*AV»JUft (hexagonnl) *C*^ 
4)g»©»JB!&jai^. alt. biiUl 2 OBE&ai/fi 

( a = b ) cti6ccas!"S"acWtt?saatt 

0 afii*ly< av» ( c * a ) . atti b 1/cWC 

-o©«4SEe-r&. ctii-jRtcdtti-r*. a 4 b/c 
w r3t»*c»ffl:&igjEr* a^^wi^ma^ancfc 0 

Ei>fc*tai-cai^ — 3a> 3 Mfnnw*4 <k 1 

mn) "CaJRU/ct-rai, 

Hil)l*5a/k. b/K d/m, c/n^-Sit^C 

/cl/a, b, d#OTffilrt(C**n*7i»aai«r*5 
6 s k , 1 , m a < s 'fiv'CC k -I- 1 -I- m = 0 <b 

c^TWKOJgJRjWn ia<S. /c/J^40(Z) : ig^(D9 % 
fiJ3otcoi»Ttt0(S«*i;lto& J *&3&^ f^^^i-^ <c 

[0042] fflJ!i<oiffl*fiM«u^astt (••■) 

4. a6WaiB36Fttl«Wfi« {••■) te±-7-c*sw-s. 

*Sfl*fl:tRIDJSa«:j:-p raja's" -5. 
n tcffiaia noojgas ^f^jc ^ 9 . <bi)j«j<d-/v 

ttttftJSU [-] r*6*)T. »*3!jttttlllJaa<-> 

•caw 4. c n6<o«fw*sa^(ofl;i»r * a*siBSL* 
s:5 1 i»rm-r©*sa:BMKj«:4}}&i 0 < nsa*:©** 

[004 3 ] c *fc&|aj «Cfifc« $ ^ ^> i l » 9 c i W: 6 ^J|aj 
fcB»ai»4<>-3j: iaiBfic^ftSttSio 5 C itife 
4. HmWcBD (00 0 1 ) W/diU^i 
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-fe* hM/ci0^Ccbr^^ o o^b^-^wi^r^^i 

[0044] (1-212), (1-211), (n- 
2nnk0 (n, ktt«9R> , (1-10 1), (l- 
10 2), (n-nOk) (n % kWI'l) 
[0 04 5] &drc*5. 5teiIi<DJ:50c {-) 
IH<Z>«5*r4S. WjU* {1-212} joitt, flMBtc io 
f*t(l«212>. (2-1-12), (11-2 
2) , (-12-12), (-21 12) , (-1-1 
2 2) <D6o<DKii£2tfff. C<D6o<D*Jg|flfl (7 7 fey 
HH) #H«k:^Sil!Aftit»«cr)e-> h*«flETS 
ffij<t&& e l/*UJM>ltr*4*6 6ooffi<DffljJ!liHJg«: 

I*1B*>&1>. ijUc (1-212) <OVr \zy bW±\<*5 

3. EfcKC febfe (2-1-12) , { 1 1-22) 
C^MBl/T^TfcCftW: (1-212) <b:£<|nJD3£ 

[0 046] *«IHiC*Jl>r, CffiflS«©/HHi tt&aS 
tttflti:* HC&iflC<0R&S7 7 12 21 MfiJ<k ? r -b y MB 

<d«bkc % a^ttiin^ffioaaatittcD^T-fe^ me© 

[0 047] *ntc«t^rttartoiEl^^iB3W7 r 
•fey 7 7 t-; MH©^a^CC*S«>6*ifc 

©WSHE. v 7 -b y MlB(0^ffijSfe:tti^M53!dJBftl LrKD 30 
< C <h (cfc tfftipj©* 6 £ U ©JKffilttJeLk© «fc *> 

£0»9C£fc«H>9 W;(C20(D7 7i"; MBj 

(0048] -«*cctt©iyHf^aiaj*tt, js&r&g© 

GaNt£i&©«£, ^**SSrt©c(» 

BUT -5 «frc* fir 6 S tir ir i 4 . 
(0 04 9 ] U 1 4-111 7W77-7^^-ya- 

*fc^»fcttar*&. Ill 5tt«S©Jbtt:GaN*JSR 

&=J»tttt«CGaNtt«3&iT*&. «ttttJtoittC±fil 50 
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f<0±CC<Dtf»)ffl||&jjr«: (abfflfci) (Effifcjt 
tttfrBJCc»f*iilIi*S. $ %<tcr&&ttMts£\mm&k><D 
G a NISfl^ttOZSB^^-CfH-fi- Or g 6 CC±fa £ (cr«K 

<fc -a r*MS ^ nr-ii^-^ {>© t> fitefc©^ t*^ ju 
t-^-^P-x««Wi (HDD) «cteS«fc9 

[0 0 5 0 ] *WJBtt«HDri!t-R-C& < , IHfiitt©? 7 fe 
y h«^;lftCC*tfriJl«€ff*>-lfS. «iH4S7T-b 
y MIil3WSS*r4SB»3&J^ft3Bns. 7t*9 MB©£ 

(005 1 ] (1) 7 7 -fear HBfttttfl 8 OffifetTO 

»ft-SBiiJHR©7 t ^fe * h nflr»J<D^T^JB£^ 1 8 

0 BE J; 0 ^31^ 8W«#ia«:fc i>Z>m&&2? 

Zrocov 7 *fe y MSF a , FbfcW^n^O 

[0 052] L^L/^ 7 -fe 7 MBr^flEft^A, Btt 
^ 7 *fe y MlilF a % F b tcStT/cffi»Sgfflf«:ia3gl/te 

^n^ 0 II 2 (cb 7 ^fe 7 h BB«©liS«*|fl|i(Eia© 

\#mr)m a vimv\**wmit$t\&T2>. 7 r b 7 mh 
*4^«fefiH<z>fiwfl , *)t#53W. mutt £<Dxm<om 

6&t>. 7 7-fe 7 hSEftft^i 8 OiKKT (S&ft) tt6 

(0 0 5 3 ) (2) 77-bt; MHftflt** 1 8 OffifiUb© 

ai»a©W % Rtt&lEJSJR©7r-fe^ hBH^tt-TftKiW 

1 8 0«<t0**^»*o* D«fltt*iBQ«:ttor^4 
»^"C** G ig| 4 (c c <D J; 9 ftm<&%7fr$' 0 ®mw? 
t -b 7 h on F a , Fbt*4. ¥«MftiftftjerAtt c ipili 
*iai-C*4. 7 T*b7 hnut?©r&S^JA. Btt^r-fe 

^fit-r-sl- ^> J*Ti£ft*rft fc* U 1 » i 6 h & . HI 5 
tc 7 7 b 7 h M<X©fiS-JSC6rrti t Kiffi©ilStf ^ )£im «c 
IftK U/c t ©45^-. tft«*|fi| A 4RffiJIMT*l&J a li^ 



(9) 

15 

±.<omt awariaa 
<D)uj $ c <h 05 j: b icmmr & . m s <o <t $ ic$mm c 

[0 054] £ *>*Cj|fcaittmW*»*C±J»t- 

t ft 7 7t y h nncD±tci?fib;c$i;iiw c © a 5 «c 
mtcWtttix? 7 b * hffii^6ri-Ur^ < . tfijl^lte 10 
SB K CtgR * o A: lEfiUg w ft fcfctoftlfc * (c 51 tr rt> £ 
(C*iC«J:(cjB«ori9>< . .^6flfl3^6 felstta**^ 

** 1 8 o iseu: ) t *ti \mr c cd j: 5 ft 

C 0 0 5 5 ) :XCC, Sma»0)a<c41IB»<D7 y -b sr Mi 
<b|£fj o J: 5 ft <dtt & m 7 t*J:J; ^J^fWjft 

* h 1^ ( tf? h ) £}ffi<,>r mmcy r -t v 20 

hJWtPJWSG a Njfift* bT#£ <b(3 I - 3 (0 <fc 5 ft 

a & . *«w tx 7 7 -b 7 h nn<D c <d <t 5 a#*wws £ 15 

*«C* ttffl b «fc ^ i B 7 fct (1-212) Ifij(DftU- 
8!*ft*EGH I J N-DfcBeSfS. H8tltf? KD 

OJ&ftfrfa tt c (toJWT?* :4. 7 7 i-; )> MOSS*!*! 30 
«f a ttA £ WC**. F b r(Di^te<DiItf75ri&J 

b— aa-cr*jM- h & BWMm^xmmM m tc . 

[0056] aSRHmftailTIBlfiP r-b ? hMlciaa 

•b 7 hDB<0jaStt^|fi]i«<07 t b * bm&fi&Xfiftt 6 
OtfWfc*. iut|«77*j hlBtltotettift^K: 

fr a (, >. *t/p 6 ij&ftta nrcmMT 6 Mggm m tc * o r 
[0 05 7 ] RIB«:tti|«ew«:±(ci5i^5a*#toc o 

icfc^Aifceftr^ h3«/hs< tt6ft^©«±3Srionn 
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^T^rt>/T?if>^. M^KttttrSfii &fc«l«ft(D«l3*C 

mzm'pi;x'n< 0 

[005 8] WdiL\&\Wl%y r b 9 h M(OZl^ffii(Dcti(C 
[005 9] fi)t»*±*l*I<cjBC -53^6, fltJFttCfc* 
[0060] *ffl^D*C«, r -b » Hffl«IW*6 

/hfflft ti» ft iv^^c u^fer o*c</o. 
c 5 ur s oc7>^ r b y h nB}W»fiS3-a e ? k i^jo^r 
©eflw^aaja d (ca^ 6 ti <s <b c > 5 c <h cc ft & . 
©i> < bmxzwmtwmixffimtz. m 0 ««bru 

[0 06 1 ] £tt*fcJtebfc|Rtefc£^^ 

[0062] miL&mwcwwvm&Wu ^mmm, 
mam imfr cctsa tinc^r ^ . ^ % ^ 

T^o Se»CC|pW(c»i^(|tt;»i6&n/cK-ttta:, tins: 
ffifflKC J: otTiBiS-ra. «Atf3g«i|£ffiBI±©W^te J; 

[006 3] HlttKUL iM^na£^K(D«frfl»D» 

[0 064] * MfcftftfEKc J: o ru, WBBttoiax 

^KDWjfliLll'l 0 4 «<0(Ett4«iiE)S itti 

[0 06 5] ch*r*»i»oR4a[ffiig53!rtt*Bf b< a 
% It. b ^ b * fclj'lltl T ^ ft l ^111^ ft 

o-»iwfcc«ifi!sft©«» (amrfififi) a****, c© 
8i^rtti|g(ttjfeb©sj«^ < a c ^ i 1 ^ c <h ft o r 



CIO) 

rifeM- 4 c t kta t p> Tib & . 
[ 0 0 6 0 ] 111 1 1 «C|Sa<o«IDfIHftSW. <4CKff s # 
cMiKB& ailh»w}bS7T^9 httft»i-r&. ill 

4o c HM'&U s t % 77-b?h fiSA8PwC[>%jr^^: q £ 

fcR'J>Oau. #Jtf>(DE PD£Q<tT4<b, C*i*$*s|«g|l 
^ttflSff 3^5^, 7T*b I' JiSftfflSrcr) E P D 

EPD = Qs/ (s+w) tl»-5-&5Cca4. ffiM 

ShAds/ (s+w) -c^6n&. cnm-Cif^i 

/ 2 £ 1 / 3 gffifc ft 6 tt (, a. iC^ rtSfciftlJl tt 
»6Wc»*<4 J: 9 l / 1 o o o o W&<DW&9m& 
fc/c'V4"fc<DT?&4. 

[0 06 7 ] c©jS«cPBbrfc % *ife»j8*wK«:J5*a 

WBti&fcVm \j X ^ 4 . * CDWftflttC oUTjiiy^ J: 0 . 
[0068 } G a NJS«©AS*«:*$(r>r . 7 7 lr ? b <D 

t?ttfrM* x m&&mmwT&o wu** nh 3 # 

EE, GaNtffe&ffiS* JeKSiBj& #*co?jfcU£a £<oi& 20 
«fcft«C <fc * . C ft 6 ®fifeB&#«^»tcm L/ r MD 
JS&WfcC 7 7 -b v hr&foMEC S <fc 0 ICT 4. S£ 

C<tT'&4. NH, »BE#«C^*IBHR:4cO-?>r^. o 30 

*T«r», »6HC lflfft±i«477-fe.7 hJOSO 
^-;TO i tOCi cc ^ 4. o£ 9 ttBffJiSftcOJEJfef <Dftf+ 

[0 070] G a NteaCDfifcRitiCC, cnJ&OJSJBfefl: 
Wfc«tt#*4 J: 5 tcU-^o 7r-by McSft Ute«B»i 
ft©HIB*«*aj;5*C"rs. 77t«; hr&JSU/cfiSfttt 

&<t4. ia^*ttiiaFrjiw:jt«iTr-s*>6i*3 zi«sr.nt 

Was. *S«+«cH*75*Bi (x, y, z)it*)7 
T-fevhttttBftw (x, y. z) *SMM-4. t*itt 
(x. y, 2) AJ7r-b> hlS«H5Kt&l , *5"Cft 50 
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OJ»*tt OiU? fi|£ i 4 J: 0 &«*UBHrC*4. 
w (x. y, z) =0 t-5 (x. y, z) sPffflBri&ft 
w (x. y. z ) = 1 jft (x. y, z) #77*lzv h 

r»C^JBllBWttR«ii:w (x. y) mm& (x. y) 

(x, y. z) = l*s*fttt % jft (x, y)cow^l<h 

^ (x, y) CDW^-0 i-]TSD0»r*-5i*"S. 
W (x, y) =maxx (av (x, y, z)} 
cb t > 5 J; 5 ic^a^ 4i SJBUfiHSttMK-c* 4. c 1 
tt & z 73[6JCD i'C^t7 7 *b 9. h fiRfi LT Ufci C 

<^r<i64. ginn^-cw (x. y ) = 1 <t-«-ntf±ifii3&s 

iiWH**CW (x, y) = ir*^fcil/Tt>fiE«© 

zW4xySirCii!»'fw (x, y, z) =li&Si 

UOfeGTC&l*. &6!i$SJ (*-&xy?I) tw (x. 

y, z) = 1 ia5^^litlOJ:-5aW1lf*s*>n« 
amj^i?W (x, y) - 1 

[ 0 0 7 1 ] h 1 2 tt-^coj: 5 m^w&immmm 
sttst. aw77"b^ his&ep (h> hfiKsas) wc 

B*WCC7 7-fe3r McSfiUHilK (QJOl) CZ>ffi(r»»*3&$* 

C<2)i*lC7r-b?l- /»««W**M*ifif«^qB i 
IRttiWWCcKJR U * -> T t> 4. *©»*<D±<08IJ» 

mi 2(cte^r«itts (WiaiiSfiS) r&or 
*>*©T* - cca«i (77-12? hr&&) M—&ffl£UX\,> 
sa e»jfj;&w^ t A,i*ai^r * & 0 /c^^;ssogt> 

lE(aa<0r*4. 

CO 07 2 J (211 3 W^o -5 ®?StC Uc ^)©r ilr>6„ 

riSft©»jjacc±BO«:*si*-c 7t*7 hr&K/j^c 4 <t 0 

tc (£|Jl!i) UtM. CCt77t-; hlftj3W*jBC4<D 
T?fiett^tSti4. eiaBR-BB&fr*KiLTc(||iSSR (0| 

c<oj: ^> a mm wa 77* h /i£s«<ds;j ^ (c ct 

r ^M^c:fd o» rffififiZ f fc S -tt 4 c i 3&*r 4. 

[0 0 7 3 ] «H*|uJ«C^r i*C *»T?7 7 12 I" lSK<DJH 
* 4 * 6 . ^ 4 H^IJ 4« 5 © BTC CDipf.fi *<0* 

-Mi<r: J: o r «Kfit&S1«WB «:» fir J: *^ 4/j> 6i|»Ps(i5'j«4 
MsronSSI (W-F) fcfK(bWH:«B^s* l 4«»©J: 

^ ccj^x. 4 o * na 6 tefiwjHift ajfej>ttits c 4 
ac>. *»wttteMt&i 0- 4 -1 0- a cD^-y--c 

3 li* 4 yj5 1 frGEWltfflj&l (D&XCD 7 7 *\z v V Ji£ 
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MBMt&tmic»< 4^5 4 c 5*c*^. 
[0074} C <DJ: 5 ft? t -fe » hiSSCDiliS*^ & 

Ci»BE*±tfS. NHj »ffi«:±tf4 % fcJKKfcfcJ: 

if sac tf<ot»rh*»<o*a*iRntf Aii. i fc? r » 

[0 07 5] C 9 Lr^*«d>S-&oo3|c^l|aoG a 
M&Mtr&mnTtotiZ. *ai»<DGaN«*«:tt t Will 

& < r»atttt*:ap < s tret, > * . ld com 4 u 

[0076] K±fc»WO-C*fc2|s:«l38oG a NttArA 

ear ^ c i (c j: £ iaft©ffiK. 

(2) 77*7 \*wmTmcm&m&-rz>c±i t cj; 

(3) Mto7ri-> HBfoasai-rs^aiSttiittfiii 

( 4 ) »x4nFflHciKia«s«^r ^ciccj: &k?rxk 

05) ?7-b? hBKUUIB^ 

CO 07 7 ] cn&OflPfflKJ:-^ 2|s#Bqgw, $tffi<3 

fc— aattt«H) mmxw^bri o 4 a 

©(Ettft»BrcSP&fJ-Si, ffltofcio* cm" 4 CD 
ta&ftffe 10* cur 2 <DU^KcKtk*j( 

[0 07 8 ] «JL *JW4)^tta9l^&HW U/c. 

flaw &««mu& t# v o Aoisasaast? * % (mat 

"CG it N * jj» 8 -B5 4 c O C i r * * . 
[0 0 7^9 ] =*JcWft7r-fe 7 htiti£4 UTtt. 7y 
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312) . 

[000 0] $ £te##MBtt fc 7 t -te * h 4ftjfi« fc o fc 

[0 08 1 ] *St»tt#|fiWW, 7 7 -b^ UBiS&fc-D 
«c» o r « HiSittic ««<D^IK OiH^S|5^ m U «c *s 6 IE 
io ^ 5 c 4 * Canada 4 ) . 

[0 08 2] flEfttr v h 4«c5«^4 m (1 1-22} 
^ (1 1-22) ffifcffl*tifcji!Aftilttt<Dt*v bt 

tz&zt/^K ;x^r fi-ioi) ffutajJUt* &c 

4*i*S. -€-^^^«it-ai<D (1 1-22} <h (1-1 
0 1 ) KJr-DTaSl 2«^<0h*-> hiW. 77*9 

■hHw»4-ia» (try h) 4«cQna (ssjbs) ictta 

& & t > 4 1 * 3 /Co 7 7l ? 7 h un<7)Hl£^:^^ 

(11-22), (1-211), (n»2nnk) 
20 ( n , k \mm v (1-101), (1-102), 
( n - n 0 k ) ( n 4 k W3ER) A #^C^^> 0 

7 h »j»3&> e> ft s t: » h ummterm-ftfiiic 

30 [0 00 4] *IBHtt**tSfc3aBtc^ y -b 9 hfllXb^ 
6Wfc:? KO. 77'b •> hra<Offl»»(OT»K:WlHtt 

6) . 

[008 5 ] *»JittS H33cWtt^ 7 -b v hflj 
B4««c e 0 • <opim^ «> ^ r ffirs <fc ^ -tts c 

4 fc Jc D % mt^m-^ G a N WS AOttAnKStgr 

40 m$mi) . 

[008 6] *»Wtt. G a Nttanac|>«:. 7 9 

«*C*5l»rt>fiER»|ftj (JsK^Flfij) (C7 T t7 HiBlffifiO 
IHIB««>ft:«« c 4 (c J: 0 . Ctt«rfiKd«SWSM 

[0 0 8 7 ] ^XtcIW^p y ^ y hm&&*>%:Z> b*y h 

©7 r-b 7 Hfitt (11-22) ffiir&iJS^sfc^ 
v\ try HfflrraRiT^ttttJtMKWur 

tUi^iHiiiL 7^&i>- ^, wtm^<Z>im^FiS<^ im7^{it^ (11- 

50 20)^ (n«a 10). <t<D®&. wmtmx 
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rnvmrnm t u zttbkz ( mm 1 
i) . 

[ o o 8 8 ) y y hz v vmmm^uu^&^ ^hc 

ffi«<OSMH4J:0*#i> (fflM£«9) . 
[0 089) ^JflCDi^ 

^^ffilti£Ii£!jS|i<0 fliffBI F ©tt* F /W#$ 1 0 3 10 

CittWtr** (IS>Jtrjil 5) . CC"CH«5c(B7t 

[0 09 0 ] — BKttffi^^i-WS/ca&CCtt, ttnQffi 
W(C*f"T S77-b7h HOIS F <Djfc* F /W# 4 o %eLh 
tt^Li/^Ui^ (llfeKKl 6) . *£ffiffi«<D/c» 

[0 09 1 ) J; 9«j*OT*cK(a:«:Wa>s li'SteW:;? r -lz 
^ h fluTO;* 8 0 %&LhlcirZtyijS&£ 0l> (3IM8W 1 20 
7) . 8 09«a±taS4 % fltStr* h3^6tt*7 T l2 

&cft£ 0 

3W¥a=Lfcc> (f/w=ioo%) (EjamisA&jR 
[009 3] Jia±«ca^ytt<ottiiR^iinccjan'&b(3[> 

[0 094] ^ar« v ^»®g(oaS[nicc^^ sjjstft 
1 0 %&>±Vib 0 , ^^^ccoim^^ r b 7 Hlif*»€>-S' 

(I»2 0) . 

[0 09 5 ] SWEtfi:? t -b v Y m&mVZ e 9 h 
<Z>t? hftji 1 0 jiin#>6 1 0 0 0 ^m'Ccb&V#*Sr& 
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±mmW<Dux&'A& < ft WMS«(»r*-5. 
[0096] 

[#J5f»©Sa*(Z)ig« ) fiUHC** (, > r KM 0 fc 6 (DfcfcG a 
N<DflSU£r* £. G a N££:{£ £ fCt*S £ <c^09 j; 

w/a^ft < =*?a»ft 7 r i27 «a* t /c#r flsctt 

<DG a N fc-JiSS S # ^ . 
[009 7] C(D7T-tZ7 HMIftfcoTjaEd6S*ft:fi 

e>*c*BD*WJSf U-CTffl¥»«c*IH«:»-7 A:*ttJ|G a 
N»ESr»-S (SB*3B1 2) . 

[0 0 9 8 ] -WnfcL£^x£/c^^ 
^Cit*^> (MsRJRi 4) . iiXl^^l 7 -Iiut4*^x. 
&/c*<0««iJJPXW^?-{ ^JirrJJIJXraDoT^jac^ 

(M5RJB 13). 

[009 9] *»!8©*saiiijaoErtttt, $xmrmiu: 

OHVPEtt (Hydride Vapor Phase Epitaxy) 
OMOCVDffi (WttSaK^JSiHS ; Metal! orgailc 
Chenical Vapor Fhase Deposition) 
OMOCvi (Wm^M^k^tliKJIri : Metalloipani 
c Chloride Vapor PhaseEpitaxy) 

o aim 

MVP ESc(C J: S*B^*CO0»T»»j8 , r 

[0 100] HVPESa^OB, *9 Hf*-jbffl[ 
^lS^^±ri!cSPCC G a y\<- b%$>5 W« 0/cG a St 
H C I -MX 4- 11^ $ jA*^ J: 5 Ct L/, KJSJP<?>Tlft8|lK: 

^Ga^^b (KK) CCHC I ^i^CUtGaC 1 
ft^lSL/, TlS^m*), T^tNH 3 iSKSlirGaN 
O G a N J&4»«(eifefJ(-r * «fc 5 *C O ft (0"C* 

[0101] GaNiSK«:JBC>sat4HtU"t:tt % t7 7 
^T, S iC, Si, (Mg A 1 2 0 4 ) . N 

clGaOa. ZnO, MsO, Si0 2 . G a A s v G 
aP, GaN, A 1 N ft ^<Dl)ife^l^g^^-^ (nfi* 
®2 3) . v7^^T^C<bft<iI;mccti^(D3iE=K 
CD±CCG a N «rflSfi3i±^ C <h *$T»€r Z>. ~?7.>j ibfrf 

zct<b m$hx & s ( asa ) . c n 6 »tK?-^K^nK 

[0102] ci|iitel^jCCG a N«ttn^j|ftA$-ti:^^ 

^(hexagonal symmetry) t4d^*> 
fi^TiSliJfi (cubic s ymin etry) 
u1!,*C4>^. 3t*JKR<D*BA (111) iD*«iltt=H» 
******* *• '±&<D fc ©WfltflSr S W©BBE-t>lEti«: J: 
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[ o 1 03 ] c ctu- ±Bttjrc3^sr»» % sdSfjur 

<Dfc<D&i8.&. t^T^ SiC, SiO, , NdG 
a0 3 , ZnO, GaN, Al N&i*»tA3Sr«JR©ai|fi 
aW^Cim^. Si, Xt'^K MuO, G 
a A s , Gap £ IdtSfaSflaRO (111) li&fi&JH 
WCimS. cnWGaNt-cnfltJJiJEftS'ttSfe 

C ft £ jft -o T < S „ GaNi 2t«<D^*1l & 

[ 0 1 0 4 ] G a NJS«©S*©aE««. aasfcBBPss* 

J 7 47 s SiC, Si, (MgAl 
« O* ) , NdGa0 3 , ZnO t MgO, S i 0 2 , 
GaAs, GaP, GaN, A 1 Nte£©#ttAaS«g* 
«6fflt&Cii#fflTW (8»#3JI2 5) . vx*<Dffi 

[0105] v x ^ <o fc o o-;^rcc 1 2 8BK<o jaiRBbw & 

tCG aN^^7 rHS*|tW^^«©X^£i5®K:nfc-S. 

[0106] vx*J4Wai<0Hn» <B) *j#fcfc< r 

*6, ^*<0±t?ttGaN*)Sfi«rBfltel/&^. ^X 
^tofc^'^JWiJUS (Lateral Overgrowth) ^ItO /cfifrOD 

[0107] 7;, ^■Mcommc bm-o&<Dmirmw$> 30 

i t». ^Jco^iuj a* a K»<ttft jt»ti«: ten- a c 
SE«cfe^w4fc<o. unakDM. hpsscdh. atxi 

fcfeO. tt0HSG>tt, MJPBIfcDffi. br?3\ *-ffl<0IBi 

[0 109] vx^Slfc *4t»ttv* 
<£>±<C 7 7 -b hI^MtSGaNjiT B ^»i 
EIi!!i©*&«BHtWBiHjnx*cJ:o 



WUS2 0 0 1 - 1 02 307 

[0 1103 Tilli»ffitJb*©GaN>S»©^AWft 
x*^>^ WflitlJflXKIcfc^TTiliaHRitt 

jai/rJBBift^«iccanx"i--5c i ^t?^^> 0 cm* 1 tsc 

©GaN«5x^«rffKf4»-&T?*4. WC>i£A£l%K 
s-uhc, c n^- W U t-Mfe© x A^Mt ^ C £ 
t>r££ («|3l812 7, 28) . 
[01113 *<Dfc», V7r4T* SiC, Si, X 
t'*^ (Mgr A 1 2 0 4 ) . NdGaOa , ZnO, M 
grO, S iO z , GaAs, GaP, GaN, A 1 N& 
«D<l*Sfl»K<DJb(C, G a N ft«»tJc#<D«S fc«tH 

XOTr U t-Mffi© 9 x^ 5 J; 5 ccj- ^> ( .W5j<3B 2 
4) . 

[0112] «o*tt % iOT«:|fflP»****^MlKJltt 

S i , XfcT^Jl/ (Me A 1 a 0 4 ) , NdGaO a , 2 
11 CX M&O, Si0 2> GaAs, GaP, GaN, 
A 1 N U £<Dm&$imVx<D±lC , G a N &$%Mkfr<Dm 

tcx ^ -/ xwm isxmmwv x^^»s j: 5 tcr s c 

[0 113] ltt©9x^*ff4i*4Riatt: % C©7 

[0114] mto&mzmm t tz><d-c s mimm* 
£<Dmm& 6 , mwm-^G a n t& auric ^ ^ „ ^ mvn 

Ga Ntt«*jaRS^J:^ tTTS^»pjaccJjn*«3&s 

GaAs iDECttiBiatc'i-a t tbT/sjtir b a 

CcM L r W G a A s <]; < ® : fx.^>. /c^ 6 ^l£n^ 
GaAs »«*»ja«c*ijffl-rs C <b/j5^c^ ^ o 
[01 15] GaAs (111) Tfii±CC ^Jgi- 

o * $ , fip*C 7rt7 h ffiW»6 a ^ f 7 h R 
XfV v h Ofc&fo&itlUfti ^ , ^n^cov r 12 > hfit 
JBftfflAiii <ti»rnifid -tf s c t tc J: ^ iE<i4-tei® 
b, ^mk. GaAsWR*»*UteHL iSuii, BDB« 

W*J-C»4 (3^Jpi2 9) . GaAsIIOii^ x 

*«c <0 ^ x ? h x «i =r- > ^ c J: o raw (C a $ h & 0 
[ 0 1 1 6 ] c 5 Ur»fcjhfc#|ftBG a N^tNtti 
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M»*4:fi5o;fcS* % Wee? 7 -fey hM3^6tt 

CO 1 1 7 ] C 0 l/Tft£ftfcGaNSIKtt« ftfttcW 
*««Wi* ttt* -CG a NISA« dCAS 1* * C <L OC J: 0 IE 

#uc**»>* *©«ttj«ss«^ai5©asis[w 1 o 6 cm 

[0118] ^1^ffi^g|i<0Sl^(DiJXE^«i 
o*b<5 0 — :>fcj: % CL <#V- fc<fc?) 
METS;tfffir**. WPHW«:»WBE*Ep;jn us^-tr- 

m h miicm- z> yaw > i* hk m o u x * ^ *f - *i* 

[0 1 1 9) ifc, b5— o©W3eSFjSBJ, Xr7-t'^ 
h WflCOWjer * £ o MftKK li«TC*ffi ic J; o r A 

C£KJ:r>Till!lSSftS. 

[0120] aSTCDliffltt-Br^lftatttfrnScox 7 -J-b* 
v V kUZi>K C ft6©»B^W8P« 1 0 a m#» 
m m&0*$&Aftfl$:c. 9 =/• b y b i ft&„ 
C (O J: 5 ft** & A*wett©x ^ -T- b* » h OflSffitffljlM' 40 
T&<b, ffiiUTOlO 5 cm" 2 OT£0T»J3 
"ftfc. 3: /c. C <D^|«©*£ail<D;rt:* Ocx 7 9- f 7 h i : U 
Wc , iDWKOlStttcjBiaT £ >b S x 7 b* 7 h fe III 
MS ft, *ft&©6l+<D«ffittl 0° cm" 2 felTT?* 
& <B»5R3JI2 2) . 

[ 0 1 2. 1 3 

+W»ttBI) ] H 1 8 ( a ) - ( c ) tCftftM 1 

fen*. S4K2 1 ©JbtCJtttt* <D^X ^2 2 

»RW^7 7 *f T, GaAsft ir5t5jliCD»tE<ORIftT? ^> 50 



f|i!flJri 200 1-102307 
26 

«r». **JB0rGaNtt»*«tfHBWSlt*. MEBffjK 
18 ( b ) 0 J: 9 tc:? 7 -fe s> h IEF 2 5 ^MiCJ^n/cIiiJ 

CrfcaptrtiHt tea. ns s tftjM«Ei"4 c 1 ■ 

aiEi-J-S. 018 (c) c7^J:^ici)fi«-o^<7)GaNi)i 

/tRWH^fiJtbSt. G a N/-^r7 T rS : =K<D 2 IBfUiK 

^(D^lnJ (A^lnj) Bt7 7'/7»Etl!©GaNI8<0 
< 1 - 1 0 0 >#ftKW*tfr£ J:9tcL//Co vx^ 
©*BW 4 /1 111 . tA*?ISIto*5;W 4 /i mT, JH1U 8 // mr* 

0^ -5 HJll*jll4t#fe > ¥<0JEiEttG a N/ '> 7 7 ^ r <b 
^ ^> rJBtlHS* to. c CD J: b te2£lSCD±tc H V P E ffi 
tCctor, GaN|go*©J5S***fofc. 
fcHVPESiflt »E<OSiaaF©rtWCG a ^ tois* 

3&>ftn»S. 8 0 O'CKJifflUSftfcGasK- Hcjp©± 
WvhHC Gay*;l/iSt6S-e-GaC 

X*s * , Tff^flnF UT<SGaCli SiS $ tL'S1K± 
CCG a N4J|HBS*S. * + 'J +^t*t-<t:*JRt U 

[0123] 7>m<mm *-«t**»4 9 0 

•C©A£»K:{SHpU N H 3 y/^7>BE^0. 2 a tm (2 
0 lc P a ) , H C I »£E* 2 x 10 " 3 a t m ( 0 . 2 
It Pa) iUT, fiSfiWrOl 1 0 GaN^-;7T|j 
€:tt3 0 n mOJIE^WrMU/c. »TJ«MU 1 0 0 nmll 
£m£> v X ^ yj5 rj v X ^ <D±IC tt G a N & Jitflf U I ^. 
/c^6K<0rt«Cc©*^« B3W3 0 n m«|*±fef 6 
ft/c C i a ^ . Z.Bffitt±lffl30S 30nm(D^j77 JB 

tccfcorftasfta. 

[0124] ( x fcf * * + ©^S) C ft <otm 
49 8 0^-1 050 -CCCjRiH L,r^ y V t m<D±iC 3 
6(CxtrjB*Ri^. rpS^R tconrtt 
ZliiS V) ©*frrx b-Ji ft»^t u /c. c ft** > A . 

teSftfrTxtriaaRbfc. Cft**>^C, D, E 
F, Gin, 



(15) 
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[0125] 0 ^>^bA 



J&ftBK 1 0 50'C 

NH 3 #EE 0. 2a tm (2 0 kPa) 
HC 1 #JEE 5 x i o " 3 a t jn ( 0 . 5 k P a ) 

tssma 8 nm 

ISWW3 2 90 Mm 

[0126] OVl/MB * 



NHa #EE 
HC I#E 

[0127] 
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1 0 0 0'C 
0. 3atm(30kPa) 
2X10 - 2 a tm (2 k Pa) 

3. 5\^m 

4 2 0 u m 



NH 3 »EE 
HC 1»E 
JiSfilQIH 

CO 12 8] 0-'»^*;UD 

JSftUK 1 0 2 0 *C 

NHa #EE 0. 2 a tm (2 OK Pa) 

HC I #EE 1 X 1 0 " 2 a t m ( 1 k P a ) 

tt&mt&S 3 30 Mm 

[0129] 0 *f>7')lE 

mmmm r a t*k (vx 

hmUJK 1 o o o °c 

NH. #GE 0. 3a tin (3 0 k Pa) 

HC1#BE 2xio- 2 atm (2kPa) 

/tfeRH$Rfl 3. 5IQIUI 

tftSBmi 4 0 0 /tm 

[0130] 0*>^UF 

ffiJSStK r -/ 7S1£ (7X^;o$) 

H5bSffiJGSC lOOO'C 

NHj »BE 0. 4a tm (4 Ok Pa) 

HC l»B: 3X10° atm (3 kP'a) 

j£Ko$itfl 3 n$no 

JftSJIffS 465 jum 

[0131] OV>^Jl/G 

mmmtk vyrArmiK (v**oso 

fifcRtUK 9 8 0*C 

N H a #J£E . 0. 4atm(40kPa) 

HC i#E 4xio- 2 a tm (4k Pa) 

nxmrn 2. 5 HOT 

riKSSffS 4 40 Mm 

[0 13 2] cn^6o<D^*>^*jUcDJtSII^^-7^-^^J: 

[0133] aBaiB^7^-^r*4^ 

^A, C N Dttl 0 5 0U 1 0 2 0 ^ft£ib«l»iW,> 



1 0 5 0 'C 
0. 2 a t m ( 2 0 k P a ) 
5X10" 3 atm (0. 5 kPa) 

9 n$na 

270/iHi 



i o o o^Tott«W(Mr©fi»ittorc»4. 

CO 1 34) NH, »BEtfiHHK:BB'j-SJ:5«cjllit 
6 e ^>^;UA, C, DttNHs #BEj&*0. 2a tm 

( 2 0 k P a ) -CibS. ^->7>B, EWN H 3 &fiE#* 
20 0. 3atm (3 0kPa) V'^y'jUF % Gtt 

tW<T0. 4atni (40kPa)Ti5S. 

[0 1 35] HC 1 »BECC«Ur»jLa, ^>7>A, 
C, DW 1 0 " 2 a t m ( 1 k P a) £TFC*"D , U*> 
7>B. E v F. Gtt2x 10" 2 atm (2 kPa) 

[0136] H&g^Kfttt^ 

i8ES[tt-y->yjl/C (3 0jujn/h) . A (3 6 Mm/ 
h) flsftfcffit*. ^>?';UD (5 5jum/h) *>(Bl>. 

30 cn^t* i o o M.m/h*jjB<o«Rafltc*a. 

;UB (12 Oum/.h) . E (11 4/im/h) . F 
(15 5 MJii/h) % G ( 1 7 6 um/h) 

i o o fim/httta.rii**. 

[0137] rAftaK)0S^*O^>^;l/ (G, F, B v 
E) fct, Ktbri^tf. NHa #ED»<, HC I #BE 
J&W < , 8Ltt#ffil > fc Cn? * £ . Sat (C, N H 3 #JE# 
ffi<, HCl-M/«<, i^/AS^<J:RKg-Mmu:>lt> 

(C, A, D) J:5"C**. 

[0138] cn&^>^l/<D*M*«»«ttlKU/c. 

BS(D»ttM9X«BSRAS9fL« fcTv hS»<Diffi*jSF£^ini 
±f*OfliifSWrS{|o/cffi (7 T -fe? HBttt*) F/W£ 

[0139] rtfc*«©JftffiW, rtfiftmcj: r>r«* «C 

A v C ttftuutt c WW$> «5 Wit^Sr 7 7 t» h o 
/c<»ftbft^. J&if«BBttll!0*>^Dttl 0%?M 
so \£<Dy y ~\z v HBSrdtr. 
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C 0 1 4 0 ] ^hW\-<D}) ^y*)U1& % E v F v Gli=& 
7cftJ7rlZ7 hdSfcT* Fi^tili^tC^, t*7 
HC*$W*:7y -tesr HBtt {1 1-2 2} mtft-oTl* 

(1 1-22) flniPJIl^C (1-101) M#ilS&^£ 
fe&£. *<Mte-fcT* 2ftflBBi&&. apyflgu 

r G a NlS^ffiiOVSf fc*fiS /Co WJ»jaX«<DStiffi 

«:tt±tf. iuuhb (^x^) icu/c 0 

[0 14 2] *©a^*5lr*5ftlFaSr»T^fc. EPD^ 
3jW)Sfc*, KHt, il»M©iBH*2 5 0 # ccc*niftl/fcitt 
fc*:>^*a u x y =r-> ^ fc c 3tc i >x * ^ t* v h 
«Dfl<cr * J: 5 ic O fc. x 9 * > ^CC J-oT ffi-gs Wcx 
? ^ 5> h «Rt^£JB^Ttt*.ft:. jteifiOD «fc 5 &C7 T 
■fe y HSPfflWJfcaPF /W\xwm%^WDm\mWx (c J; o 

[0 143] (>^>7\>UA 

r. 

?r±v V BRD9Ut3» ( F /W) : 0 % 
EPD: 1 X 1 0 e cm- 2 30 

[0 144] Oth>7\>H3 

jium<D*inittt» : ^imsui ^ T 12 y wmte. ? r (2 

J3S»*D 7 r -fe y h tmS0t» (F/W) : S5 0% 
EPD : 3X 1 0 5 cm" 2 

[0 14 5] OV^y'JlC 

tta«<D9kiBRtt : Mimtiatt-c. sot;* h±um3Ji 

To 

fifcKft©^ r -12 9 1- sisnnfflit^ ( f/w) : 0 % 

Ep D-' 3X1 0 7 cm' 2 40 

[0 146] 0*!J->^l/D 

tt^osflttflB : »£Mntt»r , sin £ 7 i> rat c 

ffi&l&D ^ r -fe 9 h WDSait* (F/W) : 1 0 % 
EPD : 8X 1 0* cm" 2 

[0147] 0^>7*Jt/E 

iMHftD? 7 -fe ? hflSffiBUb* ( F/W) : ft 4 0 % 
EPD: 5X1 o 4 cm" » so 
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[0 148] OV*>y')lF 

ji£fife07 t -i? 7 h ansatjths ( f/w> : &so% 

EPD : 2X 1 o 4 cm- 2 

[0149] OU->7'Jl/G 

<D7 r 12 h fett -SaBBttffl. 

«8«a<07 t -b 7 h SlSifiiFflib^ ( F/W) : (Xtf 1 0 0 

% 

EPD: 1 X 1 0 4 cm' 2 

[0 15 0] cn6©*>^KD56, 77*9 W 

8fi*«r^«Cbr<>GaNIS«CDEPDttl 0 T 
cm" 2 JMTecrJTF**63te*»o/c3&J, CtxhV^y'MX 
WUbl 0° cm" 2 J:0/M<ttoT0ia. «AR 
O^ttEPDfclO' cm" 2 KTtCTt/SCt-C* 

W8 X 1 0 5 c m" 2 v 3 x 1 0 5 c uT 2 *C*«)!B* 
*»ft:T. 'V'yy'JbE, F s GttlO 4 cm" 2 ftcft 

[0151] ^>7";l/A, Bttit>(cv^^*ffiflio& 
t*"CG a Nxt'lM' JgflE U /c <> (D"C *> S . £ *l & & tfc« 
0 J: 5 . cd fe & C » * > 7*;b a ktffiXBgyfiK 

< n h. , h c 1 »be*«« < rmmLtm < xmaaaak 

Un^. iC^^EPDWKriO 4 cm' 2 fe^ 
0, (10 7 cm" 2 fcJLb) 

[0152] *^<cJKr**>^Bt*tt«BUKiE< 
N H 3 . H C 1 »BE*Jiffi < fiSEdft jaiBDWiSK < T 7 r Hz 9 h 
/afiUrti*. 7rirar hJKPtt5 OHTAO, EPD 
(*j:3xio g cm" 2 rd5,^e>W (<10° cm 

P> y'>7*Jl/BtCfelir E P D^^>7 , JUAC0 1/300 

[0153] E P D asE^CE>jn(IS3D«7 r b 7 h <W¥B:«C* 
S©Wl«6*»-Cib4. 7t^7 KOfffiE^^ic-SiWE 
P D *J 0 tc ft 0 % MIBf<DB»»«fC3K£«i 0 i U 5 J: 5 a 

*#Btt*>©rft^. «> 9 a 6 e p Dmmtwvm 
mt 7 T * 7 h ««©tttt(c j: -9 rtt«E»3 n*tt-r 

feL**fiai:b«iS4*-C*hW, EPDtt^j* 
iUAO^OSXlO 1 cm" 2 ia^SFT?*&. 

^B«Cfet^«iHK:aoTUS««feEPDa»tt->ri» 

b/j>^{tegc or us ti> *> tiri^ 
[0 15 4] i;*>7Vl/A (vx^il) <b^>7';UC 
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a cm" 2 , Ctt3xio 7 cm" 2 XUbZfrtbWtl 
&tt*ttffi<Z>S (>1 0 7 cm" 2 ) *jB*&t». EP 
D# % BttA©tt3tttCj|lid>br^S. Cii^tl'>^U 

^<ommx epd^*3 «aR«c«3>s i** - cc»€f 

77i'? h t) JtH^(c E P D * jfei> $ -li • £ C i # 10 

T££ 0 

D oc j: o x hM. < &. ? ju d kt#j i'^aaiinr % 

toe>fEPD(i8xio 5 cm" 2 tcjfel>l/r^*. 
^X^WOCD^tgpR (*>^C : 3X 1 0 7 cm 

" 2 ) £tt«UTfcEPD#i/4Ou:i0a>UT(,>£. 
7y fe? h«*f»*E PD*J0-C»BD««B;ti£*£RIO 
EPDM/citnt^yi'y hflS#0. Ifc^EPD 
1*2. 7X10 7 cm" 2 fcUsHSTUfc^tt'-C* 20 
*ini(C:fe'W £ 7 r 4z * h ffii<DJfc*fcfc 0 . 1 ft <DT& 
?y*fc? hMM/J^iincc4c>^^EPD^^*«^3 

■ttTH£<Dr*a. ^ifiiSli^r^aiifc^r-fe ? haqge 

4RSltC^ D 5tiii<OJ:^CC*:?£iJI0(D^T l2> He J: 

^fEtiLMfix^ifif^u i » t ttffljB-c * & u . 

[0 156] t>7^E, F, GttCiftlfcEPDs&Jl 
0< cm" 2 a>^-y-rffl«3&Sttt4d:»l>yt. -C-co* 
T&jmk E P D *S/h3 l»CDW7 r y h jlflfflJtgWS 1 0 
0%CD!^>^UG ( 1 x l o 4 cm" 2 ) T<J>& 0 3o 
<D|*JTE P D#^Ott7 7*b * htt**S4 0 %<7>'j> 30 
?%E (5X1 0< cm" 2 ) T>&£. C*i6(DC±*» 

6. 7rt? HH«l*ifciit»iiu«)i owijttrfcEP 
DiJfcMciMaft u-/c3to* (^J> ?';i/D ) tf* 0 , 7 7 -b 
v h tfcsfcWffic* £ E P D CD{£iS»« U U <b I > 5 

[0157] tf 9 hfc^ T -Iz * H3Eftbft:^>^0« 

tt<0fttfi*s#&-*-& il^ fc. C Jit* c M# 

[0158] sfe/ct:* h©*MP<OB5tt©^B*ft^ 

BWWB**i&«cfi6 0' Oflflfrfcfc^TttJHttfcKK 

tttt (1 1-20) T$>-d/c„ ID#^tt/HHft|fl»t 
& o T i > & c <t a&sVBK § ti/c a 
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[0160] C©W6«TEPDS 1 0 4 cm" 2 <0* 

T, EPD*Si&*cffi<-c«4Hrt6tt3&l**. JtelO 
4 cnr 2 <OISffi<OEPD"C*n«, C<0GaNffi1K± 
<CLD <U-1fy-f*-F) *fHKUfc«te, 
»**W6*i4-C*5 5CijWJWfiF3tiS. LD 
JftJMRi UTS 6CC£Mtt fcODt-r^TttoCC, JtRfft/g 
^cDillv^>^UF % GCC^liT«-35iDI<0-y-7T -f7S 
flffjiJCC J: «5 jl^afe U, »#©G a N jSlRi-T ^*3^-c* 
/c. 

[0161] [mUW2 (GaAslffii, JW^ + ^ 
^^XjjllX) ] HI 9 (a) - (c) «C*||«2©xa 
^•mt. SIR 2 1 <D±tCHStf*fc 2 ^fftJS. 
a=EW-y y t-(T, GaAsft ^ii[i(OS<KcDfnjnT 
fit*. ffi*aUTGaN»a2 7*«ltBat«S#&. 

6121 1 9 ( b ) (DJ: 0 t lr v bW 2 5 *5^(c3g*i 

*2>. JE*R*|»56UTGa N»»2 7 *8(0«UEgoa 

as* WB«snx*j J: wpfbhux u T^flaws & ans <b 

119 (c) ©ct^tCGa N W<D#J*^2 8 &Wr 
Z>. 1 r ^T^'ffilKi UTG a N •? x/^ i 

tk/c^^rfW! U /c ^> (DX'ib o /Co — ^<DJS B ^>0> 6 

5 tc-r j*^<D±T<oa«^£<DaiHc j:^> epd <otEi^ 

«rfil^yt«)T*^. */t#7 r -f 7«STa < G a A s 

[0162] 2 -r>9- (111) GaAsS»GaI 
((111) alttl^) tffiJHUftu v^^tcT^ 
^:«) % Ga A sffl^CDi^nOCCS i O z K^^XvCV 
*Dffi(cj:^T»/RU/c. v^^cDfltjj.tto. 1/xmT* 

[0163] vx^ffit^^ojgtts&SnlflfiT**^ C 
C-Ctt K ^ h ttOKft^p AKWtettS J: ^ CCF^fc. I" 
h S«K& 2 Mm B«(0* * 3 VPWX i> JEfiJBV fc 
G a A s SRCD< 11-2 >-Jomc 4 m m t* y 
T 1 ^JCCB£>3nj 0 , *>o< 11-2 >^!&]CC 3 . 5 Mm fil 
n/c iC6 CCiHj D 4 Mm b* y 5T-C|5j U^C^ S (O |* •> ^ 

wii^rw*. mmrzvmmrz k> h«< i 1 - 2 

< 1 1 - 2 >^|nJCC^0iI"«»^Et ufc. -p* oiattr 
^> 3 000 p h <h 1 a** 4 m mCDjEHftJKaW 

[0 16 4] K v HK«*v^^«:»BEoycGaAs» 
HVPEffi«cJ;^GaN^^77«ixKjBt 

iCG a j* 4r JU*JKg?uytsK- h fcRtJ 8 0 0 •CtoJjrtftU 
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Ga N**|&R3*5.- Xflfflf 1 KWx/n 1 
£ttRft&»ffiT*s. 

[0165] (A?? T»<35»lfi) G a A s 5 
0 0-C©ffijB«:fi£% % NH a MO. 2 a t m (20k 
Pa) % HC I ^HI2 x l 0" 3 a t m (0. 2 KP 
a) iUT»3 0»lfflGaNai*fi!a(S-ttfc. vx^/g io 
<OG a A s BttlSftD&tCft 8 0 n mM&<DJ< » 7 r 

[0166] (x t'MCOjfJiiSc) G a A s &M£<D&££ft 
lOOOXfcJbtfT. NHa #1310, 4atm(40k 
Pa) % HC1M3X1 0- ! atm(3kPa)i 
JfrffiBlfflttft 1 0 0 WSnOr* "O J^Co 10 0 IH5rIia<0 
xejfifitt:J:-5T % i%"3/J*2 5mm<DGaN4>:-*y h 
WP»r -Y hOMEtcttG a A s iEffitfo^ 
fc$£Tcb&. GaN/cJWgtMtt:. ~ ^Tcfl^J^^ra (fit 

SEMfT? £ c Hj;fo S £ Mills tt 1 0 KSffi b to ft I \ 

9 o %&? y -fe v h o?5^*-*«i«r** ( fxw^ 

0. 9) . (11-2 2) ffl*6tt4a!Afltttt<0ti> 
[0 167] C<D-f^=f?r X7^ij-fcJ;^7 
BkDft 2 m inflKDSHJ <b , J&EHlDIIHcDift 3 m m«:<D8|J# 
)f$ 3 5 0 *im©Ga N*K/*2 0tW# £>n 

30 

[0168] RHDGaN^Jv hT*-oTfeW6MC 
Jco-CE P Dtij&^o fC-CG a A sffiKfttf Kaffir 9 x 
» (H) , "WaRDCrx^ ( I ) % BJUHnHIHCiEt^X 
^ < J ) <D3tttIRDHJl/T«ft«l <bn«OBRWNtR 
RD*«l(cJ:^r«Dntt». EPD«*IKfc. 

[0169] 

OV'yy'frU EPD : 8 x 1 o a cm- 2 
Oy-Zszf)}, I EPD:6xio 3 cm' 2 

09-->?JU J E P D : 5 x i o 3 c m " 2 

C0170] COJt^CCfflATffliUE PD<Dffl*S»&h '10. 
fc. £fkffl 1 <D»&«/J\E P D *s 1 0 4 cm" 2 T£o 

tew. *nj:9&fcfitHDr*a. nh. #be <o. 4 

a t m ( 4 0 k P a ) ) % HC 1 $>K ( 3 x l 0 " 2 a 
t in ( 3 k P a ) ) i felcrst< ®g£fcMi£< (10 0 0 
# C) T*jfc« 1 <0*>^;i/F iHSKcO/ffiftftfr-c* 

[0171] WJ^O^x^oRiifl^BBR-j-ai, x? 
* cd ^ A X<o fc OA* * fc. * y - K ^ s * -fe > xoo^l 
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flaw*. 

[0172] &te}isjtcc/^ 

MMttc J: o t«*l*l(Z*BOlil«4 L/c x * fcf v 

[0173] C(DJ;!» tta*BftHBKfilG a N OiC tl* T 
±< &&0%;fr-*tc o C<7) J: -5 ^r«^ficOG a KS1p[«; 
<?OT UT G a N L D*ffiHt 5 <b SMNfrO U - If 7 s 

[oi74] mmm 3 (v-yy at mm. 

7^JJUX) ] 1E12 0 (a) - (c) «3*8l«3©xa 
Srm-T. S«2 l«c±(cffi-ft*<ovx^2 2*W*S. 
3KRtt-3-^ y^r, GaAs^c ^jfeia©WR©fii*iT fe 
&4jinOT«*©*4G a NttA2 9 ^mt»Ji 

fi8-i*S*>6BI2 0 (b) ©J:5K:7T-b» MSf2 5/ji 
«9»«:3HtifcnaCifc«tr«I04ftS # MHs bftft&S 
f 4 C i t « <S . ^^>ct)^ ^>G a NM^ 2 9 <t5B0|[ 
<D#tf] tc U IKKftiD -5 xy \ 4 -T S . x ^©^M^r 
I^ft'ijyjiIX:?o J: CWHSfflni U tftt W ^cl^Hu tjT-6. 121 

2 0 (c) (0J:5«Cffl»«CCDGaN*«:c!>5 7— >x/^ 

3 0, 3 1, 3 2, 3 »!2ttGaAs 

X G a N l^7-/XOt20ft(D^ 
x^tc U/c ^Kttth^ t -/ TBSfcttoT G a N %m 
WW 0^ v ^ x L^T«fiCO^ x^*f»5 j: 9 (c u j; 

0 . 4 mm©cfln*W-j-S-»f >> r ^ r#*SJft4 

M m©G a N x fcrffl£JBJiS U/c. 
[0175] *<D*in»C 0. U mJS^CDvx ^Mf4 

A b J^JB]W|SJ*rc*>a. r -/ TcO±tCG a NiB>3&s«S 

[0176] 1*7 hSttMIS 2 /i mSa©** $ rPW^ 
TfciE*»T<>BHr». GaNIS©<l - 1 0 0 >*|Sj«C 

4 m m t: ^ =/-x? i mcBmu. />o< 11-20 >^^j 

«: 3 . 5 m m «hfc tCZ&WCA umV ? =T-T1S] D^c 



CiSO 

35 

M*<1 - 1 0 0>#|»jCt2 urn (*fcT**) IliiJ: 
'5ttb/t 0 cti£<i l-2 0>*!fij(c^0iird:^cc 

4 m mcDIEHft JFJ^T! £ & J; &<DQi^ijT & & . ^ * 

fiSSS-ttft:. 2 <bjsj DJ^H$ITOM*C# &HVPE 

[0177] (xb-JB<D/F5/iJ5) 7XVG a N/1/-7 y 
^ Tllfifr 6& *SSlR©jiaflE*|& 1 0 3 0 "CtCiS*, N 10 
H 3 #EE0 . 3 5 a t m ( 3 5 Ic P a ) , H C 1 #EE4 
x 1 0- 2 a t in ( 4 k P a ) t Uc. l&Rmmfflto 1 

o o \m\rc * ^ /Co xtkfH 2 £ rhimsib) 1; r * a # 4 n 

H 3 »flEtt/I>l,fi< , HC l#EfcKJ>UK Utcfe^, 
[0 17 8) xw+i/t^fticiot, W*«3c 
mCOGa N > =f ? h a&SflORt? & /c. ©MutSb <D 

^<fOTBjfi^^-c^^/c 0 GaNte»<t, mm 

V h 2 c Huri> 6 & <K*£t£ffiK < T 3 0 SflFC & o 
«tb*F/WW0. 

[0179] {11-22} BT3ft>e>tt*il(WftH«<0^ 

l/TT-2 4 tfc<D -5 x >\ ftflfcfc. * 7 r -f TafcKflH <D 3 in m 
flK>8B# i Jtfe5iGiCH<D 3 m m«<D8[i#fcK0 9 J#T fc. 2 
4tSt©'5x^J3:iffBftlXL/TflE3 3 5 OumOW^m 

[0 18 0} SdB«2iEli;J:5tt:H---/>d' 9 -h<3r) 3 o 
Htt4B5(a*6t^yc^x^3tk4JtiRbA:. t7y ^ 

(D > nXiSMWicj&^y^)^ (M) ©3tt*iRijai 

[0181] 

O^^UK E P D : 2 x l 0 4 c nT 2 
0^>^;l/L EPD : 1 x 1 0 4 cm" 2 
Oy*>^UM EPD : 0 x 1 o 3 cm" 2 
[0182] **«2 J;9ito>j&s % **tc*>+#(c4£<,> 
E P D©«*s»**ifc. fttttt 1 E P D*s 1 40 

tt— IW»-|-tt©GaN^x^JH5B'C&-S. NH 3 # 
EE < 0 . 35atm(35kPa)) % HC 1 #EE ( 4 
x 1 0- 2 a t m (4 kPa) ) <t&CCiH5< affifctE^ 

(1030*0 a^ci«r^i>. c^icjot 
[oi83] mi^kw^mm^mmr^t % x 7 
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6 ^ ^ t c ^ c <t *s»*> o /c. ©cc^cd^: # t ^ x y * 

coi84] ^cmmcmxbxm^m^bMMm^ 

6 0 K<DiK^ * k o r BPffi UT U £ . f h cp-OBSWifi 
[0185] C(DJ:5a«{iGaNWC^il;T > ^<|:? 

[oi86] imwu ivy? <irmk. 4pm fc x 

b\ »-3» + ^7-^^ftPl) ] §20 (a) - (c) k: 
l?//WJ4 tDXg^T. WE2 1K±KSW$(DVX£ 
2 2^rfW^ 0 ffltRW*7y^r, GaA s/X^iE© 

fiT Sftft-CfiEftS li 2 0 (b) (D<k5dcyy 
h ml 2 5 ^iHmcc^uaycuiiaocBOgimi ^ ^ -6. n 
rid s bT&tt&ttr Z> C mtKDih % Q a N*s,a 

2 9 *W£s£it<D;&W^^ 

^Iffli"f«. 1212 0 (c) (DJ:9(C}^ft(7)GaMiiift 
CD^^-^x^30, 3 1, 3 2, 3 3-4?»6. |?Jg 
« 3 i |5]«(D#ffiCC J;^f7 7-{ Tffi«±(C G a N 
SB. ( F„ hsfi) ^/aOfc^«^«i'U/c B 

^vyyMttK t>1\ xfH/ctf<DftfrftKiLr4gl 

RSO^-fi^ J: o rf¥K L /c 0 ^» 2 rfliufc© <b[s| d 
J: 5 tc-WSBD/Kfir* 5H V P ESSKftffl^fc. 
CO 18 7] (GaNxflCDW) 

^ij» (^;jco2ii*iaj) 

iS-JSiBUS ; l o 3 o 'c 

N H 3 i^EE : 0 . 1 2 a t m ( 1 2 k P a ) 

HC1»EE; 2X10- 2 a tin (2kPa) 

»2BW (»C<0 2«fBn) 

dtftiltUK ; l 0 3 0*c 

NH, -0131; 0. 3 5 a tm (3 5kPa) 

HC 1 »E ; 2 x i o " 2 a t m ( 2 k P a ) 

S3E« («< 2H$Rn) 

jSftifflft ; ' l o 3 o *c 

NH 3 »/EE ; 0. 1 2a tm (1 2 kPa) 
HC 1»EE: 2X l 0" 2 a tm (2kPa) 



(20) 
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m>o<D9 5Kia) * 

jftftfiK ; 1 0 30'C 

NH a #0:; 0. 3 5a tin (3 5 kP a) 

HC10EE; 4X1 0" 2 a tm (4 it Pa) 

t o 1 8 8 ] dsimiBiodtttt i o i m\x$>z>. r>m 
1030 w— jrurc»s. i -3aHtttnjw<o 

SUM (61980) ©RffcTNbO* tefefcNI-I, »E*K 
*.Tl>*. 4RRK) 9 5 l9|UI<0fiEfi«|lsrMn 3 t±< |5| 

[ 0^ 1 8 9 ] x tV&j^Sm, M flsffi 3 £ K KRJ i; J: ^ ao 
UlM 3cm 4>G aN-/>i? b #fWC £ /c, *f-fil 
kl>i»J 3 £ pj Dr>£ fc. RKfiftBDOfXtt &£ISfeM 3 

aittftll (^^^^JUX+WISJJPX) KJCoT. 2 4ft 
CD 2 -/>5MS % $ 3 5 0 MmOGa N^x^iftifc. 
£tMH 3 i B D J: 5 k:*^ T -/ T JK1RDPJCD 3 m m«#<z> 
SB». fitSIDfll<D 3 m mJV $ ©SB^WW 9 ttffc. 
[0190] Ga N««ft8Wr 6fc». XJttt 3 . 2 
tiHBWc. t^T-friiiw^^ (P) % 

>J> $ & x » bf ? I> ©Bf fit ©»]JEfi[ 
I*lftilfli3 

K 1 . 5x l o 4 cm" 2 P 
L 6 x l 0 s cm' 2 Q 
M 4 x i o 3 cm" 2 R 
[0 19 4] COJiRHftSH^^Vt&fc, *jSW«3 % SUM 
«4<D-f >=r * KOtJ-y t -TTat4R«:Jfit>flpJ<03 mmfl 

*$ o . y r *fe v v js&ffi WjW a t^an ectff ^ r 30 
ai/ci»*ii*$c£ 3&s«9j u it. 

tMKKKHi $ 1* f * h JBtt«Mt S WcC i «c J: fit 
fate t z> c i it J: & . /? $ <, >r ± 

T«»W4 cM6ffi*»u < 8fcl>3 «fcfe©r*a. 
[0196} [mm\5 (G a A s±8ttfl + ^ >=f? 
h ) ] m%£ ItG a A s JWE^rftffl-j'*, G a A s 2fi 

Sfefrj 2 i |SJ«CC . & r^ffiKc S i O 2 R£ ^ 9 X v C V 

Dcc<fcoro. lMmmc/^jc^ifMu, -eof^y* 

h 'J v #v y j tc J: * ftSM^fc. 

tt, 3 urn*. 6 umt'^m h^-f ^cD^ttGa 
A5«RO<I l-2>35ratl>fc. C©<fc$&;U5 
^^SK*v^^©±Bn(c'»«L,^:, SiO z 
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0D^>^;U (Q) t y&MMimc-j&^V'ly^jV (R) <03 

0^>^*;UP EPD: lxio 1 cm' 2 
0'!/'>y*;UQ EPD : OX10 3 cm' 2 
Ol/->y'jUR EPD;6xio 3 cm" 2 
[0191] mmi 2 X 3 cLjnJ D J: 5 totftfiilllW^T < 
Ki'tCE P D*ST*JS tl* 5«|fij3W*5. E PD(» 

MfKP\mXX&& 2 ul mSfl[©;J\S l> fed)*" m 
ifSlgcO fc fl> * r 9 * S'ftO^ -f Xcr) fc <o*i* o /Co 

[oi92] xtkw 3 tmmn 4 ox •> t- •> h 

cctfc«ttw 0 /c. ^ v - K s * » «fe > a (CD oft 

<^^i, 3ft*W3i5BSfiffll4«c*jlir % /J^U&fDx 

[0193] 

l»fcl«4 

5x 1 0 3 cm" 2 

4xio 3 cm" 2 

2 x 1 0 3 cm" 2 
5 few <b H V P E Sett, KJkM 2 <b IffJ C 0 

[0198] 7 7 I«)S) 5IJ6W2 tn««:Lp 
r, &irtS bQOV<DlBSUCX % NI-1 3 ^/X»jEE*0. 
2 a t m ( 2 0 k P a ) N H C 1 rtXftK* 2X10 
" 3 aim ( 2 k P a ) iU AKJSeiUjR3 0^>r\ G 
a N^&iA?77 JB£ifc 8 0 n m 8 ^/c. v 
X^Mim ( 1 0 0 n m) (D-filtJ^ v V tJS' J: 0 j^l^P 
6, C<DK«Tttv*2BflPfiB (?5) (DGaAsfflg^ 
BB«CGaNA 9 7 TJB3& J Jftfi , r&. v^^cDitcttGa 

[0199] (xt'li(DJBnE) *a>» 1 0 0 0 'CJt-Cfll 
jBL Or, C cofiJKt! GaNxt^^ -v ; WS tlSJE 3 li* 
/Co HOHVPESSHrtTftSa&sftfhj&sjS^. NH, » 
E 0 . 4atm(40kPa). G a C 1 ^>JEE3 x 1 0 
" 2 atm (3kPa) thlc. X&m^WmA Klfflr 
^>o/c. ^ODftGaA saE«t*3E**-cx ^ 
0 /c. 8 6 OC 11 1 9 (CtTn o /c y a 12 X tefffi o t whwidi 

(c j; 0 g a Mumzmmz. 0 yt. 3sra«rwiwjnx'r s 

CibKAoT, 4mmOGaNft4*»fc, 
C©tt-aa)x 9 ^ HBflt*MjeoA:i C '6. EPD 
13:2 xio 4 cm' 2 r*ofc. 

ftS-c^^o 

[0 200] (Ga NflBSa^SOxfcTfiJ-a) ^Ccc© 
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mi. NH3MO. 4atm(40kPa) l HC 1 
M3X l 0- 2 a tm (3 It P a) *C*>£. 1 0 011$ 
M©JS!aW»IBlT»2 . 6 c m©KS©Ga N -f>37 h 
*»fc. * 7 y *©«£«*£ < ft < BBSSM«jftt«a»'C* o 
/c. r&J^M©tKJ&tefc\ — *5cWtc 3 PiffifiSft"Cft < % ? 
7 *b h < JI 6>ft/c. VMfiSfilflfC* £ c EKp 8 

(0 20 1 ] ZCOJ^dty h4X7^-(cJ:0X7^ 

<D50IKtt»*s* £ cor 9 x^pfnaspffif 0 / Cg 

2^>^fS, «S 3 5 0 tim<Dmmm L Ws:G 
a N WRifi 2 5 ftff & hfc. G a A s JSiRWr* fc 1 
mm ff(2 £©8R#<h , J&SOIM© 3 m mff 5 *S©8|S#(;fc 
(OOJTCfc. JR*Hcn"*T©ft3^'C*tW< % G a a 

s mm? h omm<omx h ~> /c. ««©#*§ jits 

[0 20 2] tft£»<DG a N2£l£ <£x>\) tcoUTW 20 

*3fcafWifi©*^^l/*T, h±8|kD»5x^U- 
U <b U fc. £Sfc{H 1 £ RJ*©55ffiCc J: ^ x ■> x 

^m<D e p d * m& l fc. e p d ©aij£»# wot© 

[0 2 0 3 ] 

O V>y'JUS EPD : 7X1 0 3 cm" 2 
O y*>?J\,T EPD: 5X1 0 3 cm" 2 

O V^y'JVU EPD: 3X1 0 3 cm" 2 30 
[0 204 ] «±(7)J;0CC V ChS'C-CJlfcffi^EPD 
OttLimhtilc. x^i:,h«i KU / Ce x* 
^ tr v h fcfcAfl JII«"C« a m *» 6 »-|- /i m CD 6 <?> * rl 

^^riSb' h ©*4>{wcttfl^&«#£u % £ c> 5 c 

[0205) 0 x/N^WJtWflX UK*sM&fl3S It, g 
»SK^mK:i:S^i4WlD©im«To^. •£© 40 

^^fe^AXjsii^cDjsfib*^ h©itu>awc, &KWK:£gjg 

*W© % IW©^*HW3ftfc. iir/c, C'vhOW 
»©«!«©*« *^KBDtR©*:B *> Ji&tite. »£K 
J^Ttt, **a>tTv h*'M|5©©^©^|ffi^c|-^WC& 
6 0 «TC 60 ^/c6 tSc©B5«C[)^BB «r=ffT & 
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[0206] 

[»(«©«ii» ] «i&iiu©i)iea g a n ©is*n!Efti6Rcf 

GaNWea»«(D«iaS6«:j:0, 86*f»6ntt*>ofc 
1 0° cm" 2 OT©fffiISfi©GaN^ a W#6n^> 
J: 0 CCft ^/ Co Chic J; 0 AV^fiG a N#*S*CMaJ!W 

[^M©lffl#ft?«] 

[fil 1 ] W®T^7 t v VrnvtsrS-p^Lifi 1 8 0K« 

[132 ] B*ttrs7 7 b ^ nfif©tt-rnffi*j 1 8 oBcei 

T©J»^fi{t©j!!iiT*|fiJ*JriEft*|SfJ i ffit * & jjp e>e 

[(213 ] RJSf*:7 r -b y hli©ft^Pjffi^ 1 3 oigjy 
T©»^^ yb v hfflSStfft«(C*jtiTJlSAtWS|»r 

[H4] Bi3S1"&7r-b9 I-M©&*ftflC*E 1 8 OJ^iy 
±©»^7 r b y hffi&^aSftlfitcteirirttflttrtOPI 

[HI 5 ] r«T^>7 7 -fe 3f HBI©«frABE*s 1 8 0)K&. 
[II 6 ] R38r &7 7 42 9 H0l©ttTftffi36S 1 8 01t( 

±©«^7 7 -b 9. nni**tr«iit«cto(rire*ttiRm'8- 

5*|fi] tcrJEft U ipsa fe i*»tt(C JRm 0 ffifl «*s±*^* 

©^ *«±ws nr^ftr * c <t *^»aia, 
[0 7] g a N«t0jSficc*si^rj»Aftj(i t- * h yjiaiifii 

[ii9] g aMmfijixmctei>rms<nmk' ? \^mm 
*tvw*Kfij[©*a^(i: & 5 c t *7T%ria&\ft«i©Tiiaia. 

[Ull] riSftftfr&—3E«:-ia%aa— 5E©t? hinjjg 
(c-Wi/S-S) «s-C*0, eiWai^T-fe^ hSEAffiw 

Bust tfc-tta j: 5 u/c^o^coaxiKMiii, n« 

SW«nUSA ( c MdES) SIJ sr^l 7 -b 
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[113] fSS^k^mt^v r-fe * hJ%KS|S<h«im 

B. MttBIWMfliirilSS ( c Nr&S) fi|S s 0 . Eiflbffi 

[014] Ga N(D^-r^;M*— M*-^p-XCCfcli 

[il5] Ga N(D^r5;M*-^--!!/P-XtC*5Ci 
X % ^^<DBaP8|SCC<D^GaN^ 10 

[II 1 6 ] Ga N<D^^^;l/^-A-^P-XCCfcli 

G a NliSa^^iRtttciajS U fctKWOIRlfilia. 
[Ell 7] Ga N©7f ^W-^-yo-^fctel,* 

wis] &§m<o— -o<omhwm&&z>G a NCMfcR 
sae*s%Trreiisna. mis (a) j«sctc««*^^ 20 
^mr&utcim<omwmo mis (b) tt.«BBnai5*iiD 
urawc g a Ng w w7 7 ^ v vxmxsickmmm 

H. IS] 1 8 ( c ) ttttaRRJRHu^WHiWJPX 0 S 
?jaXL/X^RWJj;i(c OraKoSrcoG aN-) i U/c 

bootBBKiBH. 

[HI 1 9 ] *«W<Dffll©llttWtC*>3&>SG a N<Drdifi» 

Wk^-mm. ii!i9 (a) tt'aficca^ftvx^* 

iBjaOA:tR«©KIDia. 11119 <b) fctfSBHaWfcSfiO 

XmmCG a Ntt»**:7 t Hz s» h fiSft U3ft««©KlBI 

El. 019 ( c ) |&5fe IGa Ntt A *IR ^/cb 30 

[1112 0 ] *»W<D(l!i<oXttWtt:3EP*>4G a N <D;&K5fi 
a*5«- BTrMia . ' Bl 2 0 ( a ) ttJE=E«:K-tt ^"^x^^ 
JBlKUfctt/aiOIKflBBI. 120 (b) fcEEHIP8S*ifflO 
rBffifUS3MD*S G a NttA#:7 r -b ? h flfcR OfcK 
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